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Lecture content

@ Renewable wind and solar energies: the context
# An economical and environmental necessity
® Wind energy: an introduction
® Solar energy : an introduction

® Basic knowledge in geophysics for energy resource evaluation
# Earth energy budget and atmospheric motion
® Clouds and aerosols
#® Near surface wind

® Wind and solar energy resource evaluation
® Wind energy resources
@ Solar energy resources
® Measurement, modeling and forecast
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Renewable wind and solar energies: the context An economical and environmental necessity

Environmental context

@ Global temperature and atmospheric carbone dioxide evolution
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Renewable wind and solar energies: the context An economical and environmental necessity

® Consequences

Demonstrations against
global warming
more and more frequent!!
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Renewable wind and solar energies: the context An economical and environmental necessity

Temperature increase
in France: présent -1900

European renewable energy policy in 2001:
® 5.75% of biofuels in 2010

® Clean electricity, from 14% in 1997 to 21% in
2010

® 50% of heat production of renewable origin
in 2015

Source:
Mousselin et al., 2002
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Renewable wind and solar energies: the context An economical and environmental necessity

Economical and ecological necessity
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Renewable wind and solar energies: the context

An economical and environmental necessity

® Domestic energy consumption
— Household in temperate climate: average energy in a household a year consists of 20 MWh.

Average domestic energy consumption per household in temperate climates

Heating ] 12000 KAFhiyr (1400 watts)
Hot water B 3000 KA hiyr (340 watts)
Cooling/trefrigeration I 1200 KA-hiyr (140 weatts)
Lighting l 1200 KAhiyr (140 watts)
Washing and drying I 1000 KW-hiyr (110 watts)
Cooking | 1000 KA-hiyr (110 watts)
Miscellaneous electric load I 00 KW-hiyr (70 watts)

® Elements of comparison
- Windmill: from few kW to 6 MW ; most windmills in France produce 1 - 3 MW).
- Photovoltaic solar plant: from few hundreds W to 20 MW (record 20 MW at Beneixama in
Spain)
- Thermodynamical solar plant: from 2 to 350 MW (record: 354 MW at Luz Solar Energy plant
in the Mojave desert in California, USA)

- Hydro-electrical plant: few kW to 3 000 MW (record : 32 700-MW turbines, i.e. 22 400 MW at
the 3 groges dam in China)

- Nuclear plant: from about 900 to 1 300 MW (record : 1 550 MW at Civaux, south of Poitiers).
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Renewable wind and solar energies: the context

Wind energy: an introduction

Short history
® Windmills

Windmills In Europe, first Charles F. Poul la Cour Johannes Juul

used as a windmills used || Brush (USA) develops several buids the Gedser

grinding mill || as wind pumps. || builds first experimental windturbine,
windturbine windmills and precursor of the
producing conduct research modern
electricity. in wind tunnels. windmills.

First half of XXt century, windmills confronted to tough
competition with fossil fuel power plants and the national
electricity network. Because of the lack of coal and petroleum
during the world wars, wind power production remains used.
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Renewable wind and solar energies: the context

Wind energy: an introduction

Horizontal-axis wind turbines (HAWT)

S ]

propellor blade \

gearbox & generator
/ in rotating housing

-

1M1m
10m

9m

8m

7m

6m

S5m

Rotation speed: 10 to 25 per
minute = production
~2MW (~electricty for 2000
homes, except heating).

4m

Rotor diameter

3m
2m

im
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Renewable wind and solar energies: the context

Wind energy: an introduction

’__Ve’_rtica‘l_—axjs wi‘nd‘tﬁurbines (VAWT)

The main rotor shaft is arranged vertically:
—>does not need to be pointed into the wind to be
effective (advantage on sites with highly variable
wind direction).

—>generator and gearbox placed near the ground

(more accessible for maintenance).

f

Drawbacks are that some designs produce pulsating
torque.

Rotor Darrieus Rotor Darrieus H Rotor Hélicoidale
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Renewable wind and solar energies: the context
Wind energy: an introduction

Windmill regulation and production

® Windmill regulation - extremely variable: definition of winmill zones, wind
energy price, constraints (environmental protection,...).
® Windwill production within the national electricty network
@ When the turbine produces more power than house needs, the extra electricity is sold
to the local utility (EDF in France). The electricty price is set by the local utility.
® Capacity factor: one element in measuring the productivity of a wind turbine. It
compares the plant's actual production over a given period of time with the amount of

power the plant would have produced if it had run at full capacity for the same
amount of time.

Actual amount of power produced over time

Capacity Factor =
Power that would have been produced if turbine
operated at maximum output 100%b of the time

A wind plant is "fueled" by the wind, which blows steadily at times and not at all at
other times. Although modern utility-scale wind turbines typically operate 65% to 90%
of the time, they often run at less than full capacity. Therefore, a capacity factor of 25%
to 40% is common, although they may achieve higher capacity factors during windy
weeks or months.

® Major concerns: ... the Don Quixotte fight continues
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Renewable wind and solar energies: the context

Wind energy: an introduction

@® Major concerns
"Bird guillotine" killing birds.

Echelle du bruit
(en dB)

dB(A)

avion au décollage

- Constant noise. 120 dB
seuil de la douleuwr >
~ Property values lowering. - poncart discothbque
seuil de danger )
— Ruin of the character of the neighborhood. g et scolale
70 salle de classe
- 60 fenétre sur rue
i eollliel:ine )
f 40 salle de séjour
After windfarm set-up (2000) B hambre 3 coucher

. vent léger
0dB 5

seuil d'audibilite

The Don Quixotte
fight continues!! !
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Renewable wind and solar energies: the context

Wind energy: an introduction

EWEA

THE EUROPEAN WIND ENERGY ASSOCIATION

Wind power installed in Europe by end of 2008 (cumulative) %

End 2007| Installed 2008 End 2008
EU Capacity (MW)

Faroe Islamis Russia
Austria
e el Beigium
Bulgaria 57 101 158
Cyprus 0 0| 0
Czech Republic 116 34 150
Denmark 3,125 77 3,180
Estonia 59| 20 78
Finland 110 33 143
European Union: 64,935 MW :ﬂf‘ce ziéii 1::2 ng;g;
. o erman b o 3
Candidate Countries: 452 MW o RSy Greecey 871 114 085
EFTA: 442 MW a urg % abli Hungary 65 62 127
e Ireland 795 208 1,002
Total Europe: 65,933 MW e taly 2 A6 S
France ” Latvia 27 0| 27
2,404 Switde ';‘;5 Lithuania 51 3 54
Y Luxembourg 35 0 35
. Malta 0 0 0
R“IS“" Netherlands 1,747 500 2,225
Poland 276 196 472
Portugal 2,150 712 2,862
P Bulgari Romania 8 2 10
& uigusn- Slovakia 5 0| 3
. Slovenia 0 0 0
I : s Spain 15,131 1,609 16,740
In 2003, the European Commission predicts a wind energy R sl 2 oo
installed capacity of: United Kingdom 2,406 836 3,241
79.8 GW in 2010 Estimation re-evaluated at Tl e o e T
' . - Total EU-12 663 417 1,078
144.8 GW in 2020 hlgher level 9 times between Total EU-27 56,517 8,484 64,935
213.5 GW in 2030 1996 and 2003!! Of which offshore
. and near shore  1,114| 357| 1.471

Renewable Energies
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Renewable wind and solar energies: the context
Wind energy: an introduction

Offshore wind energy power in Europe:
Total offshore wind power installed by end 2008

Belgium 30MW 2%

Denmark 409.15MW 28%
United Kingdom 590.8MW 39%

Finland 24MW 2%

Germany 12MW 1%

Ireland 25.2MW 1%

Sweden 133.3MW 9% Netherlands 246.8MW 17%

Source: EWEA
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Renewable wind and solar energies: the context

Wind energy: an introduction

4 \' v Orld W 1nd energy po wer Top 10 cumulative installed capacity
(Dec. 2008)
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Renewable wind and solar energies: the context

‘Wind energy production challenges

® Windmill size
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Wind energy: an introduction

® Offshore wind energy production
® Windturbine farms
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Renewable wind and solar energies: the context

Solar energy: an introduction

Short history

Les civilisations anciennes faisaient du soleil un véritable dieu (cf. Egypte antique, Inca, etc.)
Socrate enseigne la construction bioclimatique
firchiméde invente un moyen d'incendier les navires ennemis en concentrant les rayons du soleil par un jeu de miroirs

-2600 2100 -1600 -1100 600 -100
Alexandre Edmond Becquerel découvre |'effet photovoltaique
‘ Heinrich Rudolf Hertz

IAJbert Einstein explique l'effet photovoltaique

World Solar Challenge -

Bavaria solarpark l

Robert Andrews Millikan prouve cet effet I

la station Saliout 1 est équipée de 4 panneaux solaires soit 28 m? |
la station Skylab est équipée de panneaux solaires I
station Mir -
Antoine Laurent de Lavoisier invente un four solaire afin de fondre des métaux
Horace de Saussure construit le premier four solaire et le premier capteur solaire plan.
Edward Morse fait breveter le concept de mur trombe
(US Patent 246626)

Charles Vernon Boys invente un capteur cylindro-parabolique

Félix Trombe
Four solaire d'Odeillo
Centrale solaire Thémis
Nevada Solar One
T T T T T
1750 1800 1850 1900 1950 2000
Energie solaire thermique M Energe sdaire photovottaiaue
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Renewable wind and solar energies: the context

Solar energy: an introduction

Several techniques

Techniques to directly receive a portion of this energy are [/
available and are constantly improved. We can
distinguish passive solar, solar photovoltaic and solar
thermal

® Passive solar: The oldest and most important use of
solar energy is to receive the direct input of solar
radiation. In passive solar building, one must take
account of energy during solar building design. The
thermal insulation is important to optimize the :
proportion of passive solar gain in heating and Automatic laundry'seryice
lighting of a building. The passive solar gain can fiperated withigal
make significant energy savings. I

@ Solar photovoltaic: Solar photovoltaic electricity is produced by processing a portion of solar
radiation with a photocell. Several cells are connected together on a solar module. Several
modules are combined to form a solar system. The solar system can provide power on site (in
association with a storage medium) or inject it, after transformation into alternating current, in
an electrical distribution system (storage, then not being required). This energy is now
quantitatively negligible while, with or without a network, it can durably meet the energy
needs of a house (sensors on the roof) or industry, unlike other forms of solar energy that
produces only heat, without maintenance.
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Renewable wind and solar energies: the context

Solar energy: an introduction

@ Solar thermal: Solar thermal power is to use heat from solar radiation. This radiation comes in
different ways:

® used for direct heat: hot water heaters and solar heaters, solar cookers and dryers;
® used indirect heat for another purpose: thermodynamic solar plants.

The solar thermal is a solar technology that uses solar heat to produce electricity, the same
principle as a traditional power plant (generating high pressure steam which is then turbines),
or possibly direct mechanical work (the term solar mechanics is then used).

Power engine in Font Romeu France

Solar plant in Cal ia (Kramer Junction)
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Renewable wind and solar energies: the context

Solar energy: an introduction

Solar energy power in theworld

Renewable energy development: Scenario Blue Map (AIE)

=
~,
0L |
Q'E 16 000 — Tidal
jg ”E' 14 000 — B Geothermal
g -% 12 000 M Biomass,
g & 10000 waste
e C
& 8000 M Solar CSP
6 000 — W Solar PV
4000 o Wind
2000
0 ‘ W llydiv
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Source : Energy Technology Perspective 2008, AIE - Synthese disponible sur : http://www.ieq.org
Solar therman (CSP) and photovoltaic » ~2500 TWh production per year each
(PV) electricityin 2050 : » ~13 % of worldwide renewable energy production each
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Earth energy budget and atmospheric motion

Basic knowledge in geophysics for energy resource evaluation

The Sun: the Earth’s source of energy

® Per year, the Earth recieves from the Sun 8380 times the total worldwide
energy consumption (11 milliards de tep). France recieves from the Sun 200
times its annual energy consumption (250 Mtep)
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Earth energy budget and atmospheric motion
Basic knowledge in geophysics for energy resource evaluation

Solar constant: 1370 W m2

Solar electromagnetic spectrum Incoming Solar Energy
_ visible . " 309% reflected and scattered ~_100%
g g Light = LR > § | (Earth's albedo)
3| = T F $ : 8 I o |
£l 3 g v 3 2 g 2 % 4% 2084 6% Top of
= g = : g g g § b atmosphere
7 = e r= ) fos
< :
5 / 19
B \ / / abeorbed by
o | | | | | atmosphere
04 07 1. 15 77000 110 100 and clouds
Wavelength(micrometers) Wavelength (meters) 51% absobed at surface
Surface Albédo (%) Surface Albédo (%)
Snow 80-95 Dark surface 5-15
Ice 30-40 Turf 10-30
Thick cloud 60-90 Forest 5-15
Thin cloud 30-50 Water 10
Moist sand 20-30 Dry sand 35-45
Cement 15-25 Asphalt 5-10
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Earth energy budget and atmospheric motion
Basic knowledge in geophysics for energy resource evaluation

Earth energy budget

Reflected solar Incoming solar Outgoing longwave ‘
radiation radiation radiation 235
k 107 W m-2 392Wm-2 235Wm-2

107

and atmosphere 188 window

Reflected by Emitted by the
clouds, aerosol atmosphere l /é Atmospheric
77 )77 4 p
67 Absorbed by the

‘ almosphere
Gresnhouse
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Earth energy budget and atmospheric motion
Basic knowledge in geophysics for energy resource evaluation

Global atmospheric circulation

@ The Sun heats the S
equatorial regions much
more than the polar
regions. In response to
this, three cells develop.

Polar high

“fadley cell
~ NE
ﬂ@ winds ) p /‘”

@ The Earth rotates so air
traveling southward
from the north pole will Hadley
be deflected to the right.
Air traveling northward
from the south pole will
be deflected to the left.
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Earth energy budget and atmospheric motion

Basic knowledge in geophysics for energy resource evaluation

Multi-scale wind variability

Scale separa

T T

tion(q=q+q)

II -TF e w_q’.l

Metropolitan Area L
15 16 17 18 19
Local Time (hrc)
Global Scale Equations for the wind
du, 1 0p _ oluu,
dt P aXi Coriolis force axj ;
Evtlaion essure gradient  (Earth rotation) Tyurbulence
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Basic knowledge in geophysics for energy resource evaluation Near-surface wind

Vertical structure of the wind

Free troposphere: geostrophic wind
Geostrophic wind

oD el — :
— Turbulence: negligible

600 ... 1000 m '

Boundary layer
Mixed layer

All terms of same
order of magnitude

Increasing complexity of the wind flow Mixed layer

Boundary layer

_— |10om—

Y= A

A ""*»—-—*/‘""’fgtll‘face layer|

som———
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Basic knowledge in geophysics for energy resource evaluation Near-surface wind

® [ogarithmic law profile
= U(z)= u- Z Logarithmic profile of the

In| —
zZ, horizontal wind speed

Roughness length z, : Whilst it is not a physical
length, it can be considered as a length-scale a
representation of the roughness of the surface.

56
42| . _‘ Thermal } U(z)= " 1n| 2 |-yl 2
Measured profil ——o | stratification K Z, L
E 78! Logarithmic profile \ Type of surface 7o (m)
N Tce 10°
14| r Steady ocean 104-10°
0 ~‘ ‘ (a) Snow 2x103
2 - 6 8 Trees, fields, ... 2x102-101
Surface wind speed (m S'l) Dense forests, small towns 101-6x101
Drobinski et al. (2007) Large towns 6x1071-2
Mountains 2-100
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Basic knowledge in geophysics for energy resource evaluation Near-surface wind

Bocage dense,  Rase campagne, ~ Prairies plates, Lacs, Crétes*”,
bois, banlieue obstacles épars quelques buissons  mer collines

<3,5 <4,5 <5,0 <55 <7,0 Zone 1

35-4,5 45-55 5,0-6,0 55-70 7,0-85 Zone 2

45-50 55-6,5 6,0-7,0 7,0-80 85-100 Zone 3

Coastal zones 50-6,0 6,5-175 7,0-85 8,0-9,0 10,0-11,5[] Zone 4
>6,0 51,5 >85 >90 >11,5 [ Zones

u-dessus du so fonction de la topographie

{ Mountain regions

Le gisement
eolien*
(en m/s)
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Basic knowledge in geophysics for energy resource evaluation Near-surface wind

o ' -
Coastal breeze @y
X . E — s , : o+
g6l /”“M( N N 1 B
2| Landbreeze {7 M NG 2 A
EZO/MU”\N"/:V AN . j
Y ST Sea breeze ERa
i g —
0: 360 b T : T T ! : T[ednenane'm Sea §4 E\nheumm 1
S ® ‘ - Wuﬂ” . ! '
§Z4O ‘,lf"‘“ 3 \ \; & A?:}\,J ‘, 1 Fommmmmo- 3 I
1 ‘ [ ' e /
512 ’ J J‘{/ [ﬂ Y o Marsellle » J'\Aa ,-r L el ot
E ]_f“/*/ l‘* 2171 IN— Barden [/} s 0 5 0 15
z 0 : g Longitude (°E)
.5 , ;, T Downslope windstorm: the Mistral
E|l @ M4 Hu e 24 90 k
- 3k ! |,"-’,"” \ P \I-,. : ’1 ‘ “v‘ 14; ‘Jd« { A ‘l. '\i: || ‘|'| o ~0 (?l) 1 ,‘\ 6 (b) |'.
R AN VN W" J ld" W5 (1 4o T Al AWl S 0 il
a [y e | u e ’ I & 1 AV _—
2 A V | "/Md\(v’ﬂ L Y E 16 || ’\'\/~ w\ .2 301 N
91}, f I“ waw v H' b [n| v\~ NE T M N\~
2l i ) PN AWARR B BN VA
20 " 8 12 16 20 1 | & )\ S “ N
Local time 2 8 V\\‘/ \ g -30 Er\\ |
Bastin and Drobinski (2005) z 4 = 60 ! \l
0 -90 2
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time (UTC) Time (UTC)
Salameh et al. (2007)
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Basic knowledge in geophysics for energy resource evaluation

Clouds and aerosols

Clud"

2 Cloud cla581f1cat10n
High level clouds (~ 10 km) z4

« Vertical » clouds

Cirrus Cirrocumulus Cirrostratus Contrail

Medium level clouds (~ 2-5 km)

Cumulonimbus

Altostratus Altocumulus

Low level clouds (<2 km)

Nimbostratus

Stratocumulus Stratus Cumulus
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Basic knowledge in geophysics for energy resource evaluation
Clouds and aerosols

@ Cloud cover

ISCCP-D2: 198307-200806 Mean Annual

Zonal Means

+30

+60

+30

0 o o

-180 -120 - B0 0 + B0 +120 +180 40 60 80
Mean Cloud Amount (Z) Hean Cloud Amount (Z)
NASA GISS

0 20 40 60 80 100
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Basic knowledge in geophysics for energy resource evaluation

Clouds and aerosols

Aerosols

® Distribution, evolution and visibility

T> 0.003 year-', 380 stations 0.0015 < T < 0.003 year', 721 stations

Beijing before rain

Beijing after rain

Evolution of aerosol content during the last 30 years

... not only in Beijing, in Paris too!!
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Basic knowledge in geophysics for energy resource evaluation

Clouds and aerosols

® Optical depth

Optical depth, or optical thickness is a measure of transparency. The optical depth is a measure of
the proportion of radiation absorbed or scattered through a partially transparent medium. If I is

the intensity of radiation at the source and I is the observed intensity after a given path, then optical
depth T is defined by the following equation:

Ily=eT
* When 1 is small: little attenuation
* When tis large: strong attenuation
Aerosols 1<l
Ice clouds (cirrus): thin clouds 1<1<3
Water clouds: thick clouds 3<1<80

Clouds and aerosols are the largest sources of solar radiation diffusion and
absorption and they determine at one location the available solar power.
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Wind energy resources

Wind and solar energy resource evaluation

Available wind power

@ Power curve
1

P" = —pU’A (kinetic energy per unit of time
through surface A)
,,""
280 —
-4 The power is normalized to a reference air = ——= = -~ - =~
240 — density (typically at 15°C)
200 —
= - Rated power
%—) 4
& e —_ Cut-out wind speed
80 — Cut-in wind speed
40 __ —— Stall-regulated turbine
ol - - - Pitch-regulated turbine
0 =

| I [ | I | | I | |
4 6 8 10 12 14 16 18 20 22
Wind speed, m/s
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Wind energy resources

Wind and solar energy resource evaluation

Coefficient of power

® The total energy available in the wind through a surface A is:

P" =(1/2)pAU’

@ Wind turbines extract energy by slowing down the wind (it however cannot
extract the total energy available in the wind otherwise it would need to
stop 100% of the wind; see Betz law). The energy produced by the wind
turbine is thus:

P, =(1/2)C_pAU’

® The coefficient of power of a wind turbine C, is thus a measurement of how
efficiently the wind turbine converts the energy in the wind into electricity

C - P, _ Energy produced by wind turbine

p

P"  Total energy available in the wind
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Wind energy resources

Wind and solar energy resource evaluation

Statistical wind distribution

@ Energy pattern ® Wind power produced by wind turbine
_ T8 /77O — — ——3 .
K.=U"/U P, =(1/2)pAC, UK, (Cp is constant)
0.35 T T T T T T T T T
0.3 q
k=2.6; c=3.8

g 0.25 b

;‘ 0.2 q

g 0.15 b

E 0.1 S

005 | 4

00” 2 4 6 8 10 41L2 1‘4 IIG 1‘8 20

Vitesse du vent (m 3'1)
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Wind energy resources

Wind and solar energy resource evaluation

® Weibull distribution

In probability theory and statistics, the Weibull distribution is a continuous probability
distribution. It is named after Waloddi Weibull who described it in detail in 1951,
although it was first identified by Fréchet (1927) and first applied by Rosin & Rammler
(1933) to describe the size distribution of particles.

k-1 K
U

The Weibull 0.20 — ¢
distribution is used to R
describe wind speed 0.15 U= Cr(l +1/ k)

distributions, as the

natural distribution % Sy = 2

often matches the % s " e

Weibull shape @ U’ =cT'(1+3/k)
0.05 —

K, =T(1+3/k)/T’(1+1/Kk)

| I |
0 5 10 15 20 25
Wind speed, m/s
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Wind energy resources

Wind and solar energy resource evaluation

Class of wind energy

Classes of Wind Power Density at 10 m and 50 m(a)

10 m (33 ft) 50 m (164 ft)
. Wind Speed®) Wind Speed®)
wind Powgr m#s (mph) Powe_r m#s (mph)
POIWEI' Density Density
Class (W/mz) (Wlmz)
1 <100 <4.4 (9.8) <200 <5.6 (12.5)
2  100-150 4.4 (9.8)/5.1 (11.5) 200 - 300 (sii (31)2'5)"6"‘
3 150- 200 (si;(51)1.5)/5.s 300 - 400 f’ig_%“'BJ”'O
4 200- 250 (sie.a %2'5)’6‘0 400 - 500 E’ig (31)5'7)“'7'5
. 6.0 (13.4)/6.4 ) 7.5 (16.8)/8.0
5  250- 300 (14.3) 500 - 600 (12.9)

_ 6.4 (14.3)/7.0 _ 8.0 (17.9)/8.8
300 - 400 (15.7) 600 - 800 (19.7)
>400 >7.0 (15.7) >3800 >8.8 (19.7)

(a) Vertical extrapolation of wind speed based on the 1/7 power law

(b) Mean wind speed is based on the Rayleigh speed distribution of equivalent wind power density.
Wind speed is for standard sea-level conditions. To maintain the same power density, speed

increases 3%/1000 m (5%/5000 ff) of elevation. = — — “ W =

(from the Battelle Wind Energy Resource Atlas) Ressources éoliennes a 50 (45) m au-dessus du terrain

Couleus Terrains avec Terrains dégagés Au bord de la mer Mer overte Collines et crétes de
. Batelle Class obstacles colline

mis  Wim2 mis  Wim2 mis  Wim2 mis  Wim2 mis  Wim2
— >60  >250 >75 500 >85 >700 >90  >800 >115 >1800
M 50460 150-250 6.5-75 300-500 7.0-85 400-700 8.0-9.0 600-800  10.0-11.5 1200-1800
4550 100150 $.5-65 200-300 6.0-70 250-400 7.0-80 400-600 8.5-100 700-1200
I 3545 50-100 4555 100-200 5.0-60 150-250 $.5-7.0 200-400 7.0-85 400-700
] <35 <50 <45 <100 <50 <150 <55 <200 <70 <400
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Solar energy resources
Wind and solar energy resource evaluation

[llimited resources but... localized

1% of the arid and semi-arides
area is enough to produce the
electricity annually used worlwide

o Source: C. Philibert (1991)
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Solar energy resources
Wind and solar energy resource evaluation

Avaliable solar energy

Moyenne du rayonnement quotidien par mois (kWh/mzliour)
source :INES (Institut National de I Energie Solaire)

@ GOURDON
W LEPUY ENVELAY

Le gisement R .
solaire* ) . f d

en kWhim? par an

de 1 &
de 1: : NE NG
de 1 1 20
de 1 80
I rlus de 1760 - 21uin
21 avril
60 _o—a
- o) 21 mars/septembre P T N
- s 50 -~ " s
' " 2 21 février v - ~o_ N
% 40 // A —_ P
I 21 décembre o e o 2C R
A < 3
n égal 3 fa latitude 30 of [t v e—
T S o o SN

© ADEME / Graphies (38)

© wwwsolarpraxis.com

Azimut ¥ (%)
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Wind and solar energy resource evaluation

Production potential in the Medi

Solar energy resources

0,00
2,04
4,08
6,12
8,15
10,19
12,23
1427
16,31
18,35
20,39
2242
24 46
2650
28 54
30,58
3262

MWikm?2

s -

Source: ISET, 2003
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Wind and solar energy resource evaluation

Wind measurement

Measurement, modeling and forecast

Types of sensors

® In-situ sensors

#® Measures made at the sensor
location

@ Drawbacks: modification of the flow
by the sensor; low representativness
of the measurement

® Advantages: high sensitivity and
accuracy, fast sampling, simplicity,

® Remote sensors

® Measurements of acoustic or
electromagnetic fields generated or
modified by the atmosphere away
the sensor

® Drawbacks: size, cost, complexity,
low signal to noise ratio, low spatial
and temporal resolution, ...

® Advantages: volumic and temporal

description of the atmosphere (high
representativeness)

Philippe Drobinski

10mn Horzontal wird speed prdfie

5 10 15
Lidar horizontal wind speed fm/s

KIC Climate: Lecture on Renewable Energies

20

Page 42/ 46




Wind and solar energy resource evaluation Measurement, modeling and forecast

Radiation measurement

January 2003
Aaoo— T T T T T T T T T T T T T T T T T T T T T T l T T T T T T T i
- | ‘ ﬂ b ‘ i | f I Pyrgeometer and pyranometer
s \ \ |
= U liin iy ‘ ‘ I at SIRTA observatory
2 100 ﬂ I ’\ (J\ 11l R\ UU\] o U | ﬁ EN .J IUI\ f \_
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01020304 05 06 07 0809 10 11 12 13 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 20 30 31 01
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3 300} 1
= 2501 .
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day
June 2003
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Wind and solar energy resource evaluation Measurement, modeling and forecast

din 'and focat

® Numerical weather prediction ® Skill scores
(NWP)
Cloud cover
Schematic for Global o T T T
Atmospheric Model fﬁ‘, % ECMWF NWP
25p \ I[\1 2 Météo-France NWP
| 2 [\ ’f‘,«‘ "‘. ® SIRTA observations
% 15F [ ‘}"\, ;’j;! %
a \ "4'
10 ;\%ﬂ_ o /‘!
sy y
Ol TR B
0 20 40 60 80 100
CI Cover(%)

10-m wind (MM5 NWP) versus SIRTA observations
1000 1000

# samples
i
=]
S

# samples
A
=]
=

: 0
—10 0 10 -10 0 10

East wind component (ms™") North wind component (m s~
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Wind and solar energy resource evaluation Measurement, modeling and forecast

@ Example of impact of forecast uncertainty on energy production estimate

120
1000
800
600 *\w
400 —4- measuremen
-8- prediction
2000
) A A S A A B A
OR26D KON KOO KO KOO 0
SRS QN D QN Y A S DN D
SOVSBER FODERR EIIR

time
Predictions for Germany : Path of low-pressure
system was different than predicted,
maximum error: 5500 MW, could have been
avoided by extreme event correction.
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® Wind energy
Wind atlas:

- Canadian atlas: Benoit, R. (www.atlaseolien.ca)

- US atlas: Elliot, D.L. et al. (1989) Wind Energy Resource Atlas of the United States, PNL report
DOE/CH10094-4. (www.nrel.gov/wind/pubs/atlas)

- European atlas: Troen, I, Petersen, E.L. (1989) European Wind Atlas, RISO National Laboratory,
Danemark

Data available on the web

- US wind maps: www.nrel.gov/wind/wind_map.html

- Quebec wind maps: www.eole.org/carte_des_vents.htm

- Worldwide meteorological data: RETScreen software (http://retscreen.gc.ca)
- NASA satellite measurements: RETScreen software (http://retscreen.gc.ca)
- High frequency data base: www.winddata.com

® Solar energy

-« Les centrales solaires a concentration »: Conférence donnée le 30 janvier 2009 a I'Ecole
Polytechnique par Alain Ferriere (CNRS, Font-Romeu) dans le cadre de séminaire du département
Meécanique et de I'Institut Coriolis

- International Solar Electric technology: http://isetinc.com/
- Photovoltaic Geographical Information System : http://re.jrc.ec.europa.eu/pvgis/apps3/pvest.php
- On-line on Air Quality Meteorology: http://www.shodor.org/metweb/index.html
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